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Abstract: 
Introduction: Despite structural distinction between the transverse and oblique heads of the 
adductor pollicis, in vivo testing continues to consider the adductor pollicis as functionally 
simplistic. As a muscle’s architecture is a strong indicator of function, this study aimed to 
determine whether the physiological cross-sectional areas (PCSA) of both heads were 
uniform. 
Methods: Classical, micro- and chemical dissection procedures were conducted on 10 
cadaveric left hands to determine structural origin and insertions. Architectural measures of 
muscle length (Lm), muscle weight (Wm), fascicle length (Lf), sarcomere length (Ls), and 
pennation angle (θ) were used to calculate PCSA and fascicle length-to-muscle length ratio 
(Lf:Lm). 
Results: The oblique head had greater variation in attachments, significantly greater PCSA (P 
= 0.008) and smaller Lf:Lm (P = 0.001) than its transverse counterpart. 
Conclusion: Muscle architecture suggests the oblique head has greater potential for force 
generation, and the transverse has a greater potential for joint excursion.  
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INTRODUCTION 
The adductor pollicis is a thenar muscle comprised of 2 anatomically discrete heads, the 
transverse and oblique. The muscle is responsible for adduction of the thumb towards the 
palm.
1-4
 Classical descriptions originally combined the attachments of the triangular shaped 
muscle arising from the palmar surface of the third metacarpal and converging on the medial 
base of the first proximal phalanx and sesamoid bone.
1
 Recently such a view has been 
updated to include the base of the second and third metacarpals and capitate bone of the distal 
carpal row,
2,3
 however some texts still retain simplistic attachment information.
4
 This muscle 
















 The broad scope of experimental designs and fields 
which utilize the adductor pollicis have been done based upon the simplicity in which testing 
procedures can be applied.
12
 This can be attributed to 2 main factors: first, the adductor 
pollicis has a simple, straight-forward action in vivo that allows for optimal force and joint 
position in a range of daily functions and tasks, including gripping, pinching, and clasping of 
objects;
13,14
 and second, the adductor pollicis is innervated by only the ulnar nerve.
15,16
 These 
factors are complemented by the size and position of the muscle. For example, assessing 
maximal isometric contraction of such a small muscle minimizes the influence of cardiac 
output on muscle function
6
 and allows for muscle assessment independent of systemic 
influences. Adductor pollicis is also not as susceptible to disuse atrophy like other large 
muscle groups used for testing skeletal muscle contractility and fatigue, reaffirming its utility 
for assessing skeletal muscle function.
17
  
While research into the functional capacity of specific muscles has traditionally 
biased methods such as fiber typing,
18
 this has not been sufficient to explain the functional 
role of the adductor pollicis. In fact, there is a large body of evidence that suggests the 
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arrangement and placement of a muscle, or its ‘muscle architecture,’ is one of the strongest 
determinants of its function.
18-20
 Architectural variables of physiological cross-sectional area 
(PCSA), muscle length (Lm), and fascicle length (Lf), quantified as fascicle length-to-muscle 
length ratio (Lf:Lm) have been used to indicate particular functional design characteristics 
such as force generation or joint excursion.
18
 When these variables are compiled for a range 
of skeletal muscles across the human body (Figure 1) an inverse relationship can be seen, 
especially for muscles of the lower limb. Values closer to 1 for Lf:Lm (Figure 1: Quadrant 1) 
depict muscles with longer fascicle lengths spanning the entire length of the muscle and are 
followed by lower PCSA values, indicating a higher capacity for joint excursion. Those 
muscles with higher PCSA and lower Lf:Lm values, represented in Quadrant 4, conversely 
have a greater potential for force generation. 
INSERT FIGURE 1 ABOUT HERE 
The concept of muscle architecture
19
 for the adductor pollicis has been considered 
previously.
21,22
 The rudimentary determination of fascicle length
21
 or lack of statistical 
analysis and complementary gross structural information,
22
 however, have made it difficult to 
infer functional implications from the published datasets. This highlights the need for a more 
systematic approach to architectural analysis of this muscle if predictive models are to be 
derived from the results. Classically, such an approach has been demonstrated in studies of 
lower limb muscle architecture,
23
 where comparisons to more recent data give errors in 
architectural measures of up to 200%.
24
 Consideration of attachment sites and placement 
within the body are crucial, as the sensitivity of comparing muscle architecture decreases due 
to regional variability.
24-26
 Therefore, although muscle architecture is a strong determinant of 
contractility and muscle function, results must be considered with respect to gross structure, 
as the topography of a muscle gives insight into the constraints placed upon a muscle. This is 
apparent for the smaller muscles of the forearm (Figure 1: Quadrant 3) which share similar 
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PCSA yet vary in their joint excursion ability
27
 and, in the case of the adductor pollicis 
(Figure 1: Quadrant 1), shows a design trait which conflicts with its published functional 
findings.
13,14,28
 In fact, simply grouping the 2 heads of the muscle, transverse and oblique, 
might further distort the qualities of muscle architecture and our understanding of its 
functional role. 
Although the adductor pollicis is a muscle with simple functional properties, it has not 
been determined whether the architectural parameters of both the transverse and oblique 
heads reflect this uniformity. This is because current assumptions of anatomy and 
architecture are often oversimplified and generic, yet the specific architecture of muscles has 
long been considered a vital,
18
 if not the most important determinant of function.
19,20
 A lack 
of research of the separate heads of the adductor pollicis, compounded with the variability of 
results in the literature for this muscle,
21,22
 emphasize the need for structural and architectural 
analyses to be conducted prior to use of this muscle in functional testing. Hence, the purpose 
of this study was to systematically analyze the muscle architecture of the adductor pollicis 
and determine whether the architecture is represented uniformly within both the transverse 
and oblique heads.  
 
MATERIALS AND METHODS 
According to recent recommendations,
26
 anatomical procedures, including classical, 
micro- and chemical dissection, and an adequate sample size were used to describe and 
quantify measures of muscle architecture of the transverse and oblique heads of the adductor 
pollicis. These architectural parameters were then input into formulae
29,30
 to calculate 
variables of functional significance to determine the implications of structure on muscle 
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function. All procedures were approved by our institutional Human Research Ethics 
Committee (HE11/040) in accordance with the Declaration of Helsinki, 1975. 
The left hands of 10 embalmed and perfused cadavers (7 male, 3 female; age 74.5 ± 
8.4 years at death; gross hand volume, 437.50 ± 91.05 mL) were selected for architectural 
determination. Specimens were excluded based upon previous dissection, which may have 
disrupted the carpal rows, observable disuse atrophy of the hand, and general or specific 
documentation (from medical history information) pertaining to musculoskeletal 
abnormalities which may have affected thenar function (e.g. osteo- or rheumatoid arthritis). 
Hand volume was measured using an adapted water displacement technique
31
 to 
characterize overall hand size of the 10 specimens and to compare it to normative 
anthropological data.
32,33
 Specimens were lowered into a filled vessel so that submersion of 
the hand would cause excess water to flow through an outlet valve into a capture volume 
container. The captured volume was then weighed (0.0001 g - Adventurer Pro, Ohaus, 
Australia) and converted from grams to milliliters to determine gross hand volume. The 
apparatus was calibrated using plastic spheres of known volume, and a test-retest design was 
implemented to confirm reliability of the technique [ICC(2,1) = 0.999].  
Classical Dissection: 
Initial dissection involved removal of skin, subcutaneous fat, and fascia covering the 
palmar and thenar regions of the hands. The sheaths of the tendons of flexor pollicis longus, 
flexor digitorum superficialis, and flexor digitorum profundus were cleaned and dissected out 
at the metacarpo-phalangeal joints. Then, together with the insertions of the lumbrical 
muscles, the tendons were pulled through the carpal tunnel and flexor retinaculum to increase 
the viable working space for identification of the heads of the adductor pollicis.  
To properly identify key origin and insertion information, the muscles making up the 
thenar eminence were excised. As only attachments that required sharp (or bladed) dissection 
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were considered legitimate origins or insertions,
34
 adhesions to other structures that could be 
removed through blunt dissection were conducted under a stereo-dissection microscope at 5x 
magnification (SMZ800, Nikon, Australia). Origin and insertion information allowed for 
correct differentiation of the adductor pollicis from tightly adhering fibers of the deep head of 
flexor pollicis brevis.
35
 The deep palmar arch was pinned and used as an anatomical 
landmark
34
 to clearly define the heads of the adductor pollicis. Fibers distal to the arch were 
considered to be part of the transverse head, and fibers proximal to the arch were considered 
to form the oblique head. Each origin and insertion point was pinned with the muscle 
attachments undisturbed and recorded immediately after the muscle was removed to 
incorporate underside attachments in preparation for micro-dissection and architectural 
measurements. 
Micro-dissection: 
Dissection methods described for intrinsic hand muscles
30
 were followed so that 
architectural measures maintained consistency with the literature. To ensure the accuracy of 
future measurements, the excised adductor pollicis was cleaned of external tendon and fascia 
to the level of the muscle under 25x magnification (SMZ800, Nikon, Japan). The muscle was 
divided (based upon criteria mentioned previously) into its separate transverse and oblique 
heads, and architectural measurements were taken a minimum of 3 times with a mean value 
being calculated for analysis. 
Muscle lengths (Lm, mm) were measured under a stereo-dissection microscope at 5x 
magnification (SMZ800, Nikon, Japan) from the most proximal portion of the muscle belly to 
the most distal portion using anatomical grade dial Vernier calipers (Mitutoyo, Japan) to the 
nearest 0.02 mm. As the hydration status of formalin-fixed tissue can offset calculations of 
PCSA by up to 9%, saturation was also required to mimic that of in vivo muscle.
36
 Muscle 
heads were soaked in a 20% rehydrating solution (Hydro, Genelyn, Australia) for 24 hours to 
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obtain accurate wet weight measures (Wm, g). After saturation, specimens were left to stand 
on absorbent paper, rotated every 3 minutes, and then allowed to air dry for 10 minutes to 
remove residual water on the surface of the muscle. Each muscle head was then weighed on a 
standardized and calibrated electronic scale (Adventurer Pro, Ohaus, Australia) accurate to 
0.0001 g. Muscle volume (Vm, mL) was derived by water displacement,
30
 wherein a 100 mL 
beaker was filled to capacity and weighed (Adventurer Pro, Ohaus, Australia), and the muscle 
was gently lowered into the beaker while allowing excess water to overflow. The difference 
between beaker pre- and post-weight values (g) was taken and converted to milliliters for 
final muscle volume determination. As fascicle length has been shown to be indicative of 
fiber length,
29
 three fascicle bundles, comprised of approximately 50 fibers each
37
 were 
removed, and fascicle length (Lf, mm) was measured to the nearest 0.02 mm of muscle length 
under a stereo-dissection microscope (SMZ800, Nikon, Japan) at 25x magnification. 
Coefficients of variation were calculated for all specimens to determine whether variations 




Chemical dissection was utilized to remove the dense connective tissue of the 
perimysium without damaging the muscle fibers encapsulated within. Based on pilot testing 
and previously published techniques,
24,38
 fascicles were placed into a 20% v/v nitric acid 
solution for 72 hours with stirring for 30 minutes within every 24-hour cycle to prevent 
stagnation of the acid. After acid digestion, fascicles were rinsed consecutively in 3 distilled 
water baths, mounted onto glass slides, and placed under a light microscope (ML2000, Meiji, 
Japan). Sarcomere banding was visualized at 400x magnification to quantify sarcomere 
length, whereby, consistent with the literature, sarcomere measures were quantified from the 
proximal, middle, and distal regions of each fascicle.
24,27,29,30
 An optical reticle calibrated at 
400x magnification (ML2000, Meiji, Japan) was used as a standardized measurement tool, 
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and sarcomeres were counted within each region to sufficiently calculate a mean sarcomere 
length (Ls) for each fascicle.
39
 These values were used to normalize fascicle lengths to an 
optimal length (Lfopt; Equation 1). 
   Equation 1 
where: Lfopt = optimal fascicle length (mm) 
Lf  = fascicle length (mm) 
Lsopt  =  optimal mammalian sarcomere length (2.64 µm)
40
 
Ls  =  sarcomere length (µm) 
Whole muscle heads were placed into a solution of 25% formic acid for 6 hours to 
remove tightly-adhering fascia and gain a clearer understanding of the pennate nature of the 
adductor pollicis. Pennation angle (θ, °) was measured under a stereo-dissection microscope 
(SMZ800, Nikon, Japan) at 5x magnification using built-in, calibrated image software (Nikon 
Elements, Nikon, Japan) similar to methods described previously for the intrinsic foot 
muscles.
41
 To allow comparisons to the literature,
 22,27,29,30
 software was also calibrated to a 
standard goniometer (E-Z Read, JAMAR, Australia).
.
Briefly, the distal tendon was traced and 
pinned along the proximal, middle, and distal portions of the muscle head, and a line was 
traced along the visible muscle fascicle. Three measures were taken in each region to allow 
for a global representation of the muscle. In order to apply pennation angle data into future 
measures of functional variables, it was necessary to normalize raw pennation values to an 
optimal position similar to fascicle length.
30 
Functional variables of PCSA (Equation 2) and Lf:Lm were calculated using the 
relevant architectural inputs. 
  Equation 2 
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where:  PCSA  = physiological cross-sectional area (cm
2
) 
Wm  = muscle wet weight (g) 
θ =  pennation angle (°) 





Lfopt  =  optimal fascicle length (mm)  
Statistical Analysis: 
Qualitative data for origin and insertion points and muscle classification were 
tabulated on a case-by-case basis and recorded as frequencies. Architectural measures of 
muscle length, muscle weight, muscle volume, optimal fascicle length, and sarcomere length, 
as well as the calculated functional variables of PCSA and Lf:Lm were recorded, tabulated, 
and expressed as means and standard deviations. Statistical analysis software (Statistix, 
Version 8, Tallahassee, Florida, USA) was used for a within-subject design for the separate 
architectural and calculated functional measures of both the transverse and oblique heads of 
the adductor pollicis. Paired t-tests were conducted to determine whether the architecture of 
the transverse head differed from that of the oblique head, with significance set at P < 0.05. 
 
RESULTS  
Muscle Origin/Insertion Variation:  
The origin and insertion points for the transverse and oblique heads of the adductor 
pollicis can be visualized in Figure 2. The transverse head showed less variation than its 
oblique counterpart and always originated from the lateral or palmar shaft of the third 
metacarpal bone (100% observed). Additional attachments to the palmar aponeurosis were 
also noted for the transverse head, most often at the most distal portion of the muscle (40% 
observed). The oblique head was most frequently observed to originate from the base of the 
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third metacarpal (100% observed) and the palmar carpo-metacarpal ligaments associated with 
the trapezoid and capitate carpal bones (90% observed). Shorter attachment sites to the 
articulating second metacarpal bone and the corresponding metacarpal ligaments between the 
second and fourth metacarpals were also prevalent (90% observed). Three specimens (30% 
observed) attached as laterally as the trapezium carpal bone, while a further specimen (10% 
observed) was seen to extend completely over to the base of the fourth metacarpal. 
As the muscle heads share a common distal tendon, insertion information was reported 
as a single site for both the transverse and oblique heads. This remained highly consistent, 
with 100% of specimens inserting onto the medial aspects of the head of the first metacarpal 
head, base of the first proximal phalanx, and medial sesamoid bone of the metacarpo-
phalangeal joint. 
INSERT FIGURE 2 ABOUT HERE 
Architectural Measures: 
Table 1 shows significant architectural differences between the transverse and oblique 
heads of the adductor pollicis. The oblique head had a significantly larger muscle weight and 
length compared to the transverse head. Optimal fascicle lengths however, showed a contrary 
relationship, with the transverse fascicles spanning a significantly longer distance of the 
muscle belly compared to the oblique fascicles. Despite a gross 20% difference between the 
transverse and oblique heads, there was no significant difference for muscle volume. 
Sarcomere length and optimal pennation angles were also similar between muscle heads. 
INSERT TABLE 1 ABOUT HERE  
Functional Variables: 
As expected with differences found between the heads in architectural measures, 
PCSA and Lf:Lm for the muscle heads also differed significantly (Table 1). In fact, the PCSA 
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values for the oblique head were nearly 60% greater than that of the transverse head, while 
conversely the transverse head displayed significantly greater Lf:Lm compared to the oblique 
head.   
 
DISCUSSION 
We analyzed systematically the architecture of the 2 heads of the adductor pollicis 
and determined that measures of muscle weight and muscle length were significantly greater 
and fascicle length significantly smaller in the oblique head than its transverse counterpart 
(Figure 3). Furthermore, measures of functional significance, PCSA and Lf:Lm, were also 
found to differ significantly indicating that the transverse head has a greater penchant for 
muscle joint excursion and the oblique head, for force generation within the surrounds of the 
hand and forearm region. 
INSERT FIGURE 3 ABOUT HERE 
From a global perspective, the variability of attachments for the transverse and 
oblique heads of the adductor pollicis, while great, remain within the confines of previously 
reported structural information.
15,34,43
 This is complemented by the quantifiable architectural 
variability deduced for fascicle length expected in the hand region
26
 and anthropometrically, 
by the overall size of specimens lying within ranges reported previously.
32,33
 These factors 
give strong evidence for the normalcy of specimens in this investigation. 
The detailed collection and analysis of the gross structure undertaken ensure that a 
true representation of the adductor pollicis muscle is understood and hence, will reflect 
accurate muscle architectural analysis. Furthermore, based upon the variation found within 
the gross structure of the muscle heads in both origin and insertion attachments it should be 
expected that the architecture will also differ between the 2 heads. This is especially apparent 
for the oblique head, which was found to originate anywhere from the base of the fourth 
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metacarpal to the trapezium carpal bone and as distal as the midline of the second metacarpal. 
Natural variability through the use of human cadavers should be expected.
44
 In this study, the 
degree to which both structural and architectural elements of data collection has been 
undertaken is considered to be more accurate than previous studies.
21,22
 
By following well-documented procedures for determination of muscle 
architecture,
22,26,27,30
 comparisons between other relative musculature in the body are also 
possible. Figure 4 details the relationship between PCSA and Lf:Lm in the functionally 
relevant surrounds of the hand and forearm. Three key features can be delineated. First, as 
expected, the inverse trend between Lf:Lm and PCSA shows Lf:Lm to be indicative of function 
and a good measure of muscle design tendency.
18
 
Looking at the heads of the adductor pollicis separately, they do not aggregate 
together as would be expected from a homogenous muscle, rather they separate as the 
aforementioned trend would suggest of muscles with different design tendencies.
18
 An early 
anatomical study of thumb function
45
 determined that, based on the action of the separate 
heads of the adductor pollicis, the transverse head was the primary force generator for grip 
and pinch tasks. The capability for force was attributed to the fiber arrangement of the 
transverse head being more perpendicular to the metacarpo-phalangeal joint and long axis of 
the thumb. Based purely on muscle architecture, our results portray a different picture. 
Greater Lf:Lm and larger fascicle lengths allow the transverse head to have greater potential 
for velocity production and joint excursion as already concluded. This would make better use 
of its perpendicular arrangement in the initial stages while leaving force generation to the 
better-suited oblique head and agrees with the mechanical advantage information for the 
joints of the thumb.
46
 The transverse head of the adductor pollicis generally had much larger 
moment arms at the metacarpo-phalangeal joint and the carpo-metacarpal joint for both 
flexion and adduction
46
 and thus, for a given angular change, will require a longer excursion 
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(as given by findings of fascicle length and Lf:Lm). This suggests that, while muscle 
architecture can give functionally important information about the contractile properties of a 
muscle, it may also need to be considered within the muscle-joint complex.
47-49
 
INSERT FIGURE 4 ABOUT HERE 
Although testing of muscle architecture effects with regards to the muscle-joint 
complex have not been reported on the joints of the thumb, the relationship between the 
extensor carpi radialis brevis (ECRB) and extensor carpi radialis longus (ECRL) might help 
shed light on what is occurring with the adductor pollicis. When the muscle architecture of 
these synergists are compared (Figure 4) they present design tendencies for force generation 
and joint excursion, respectively. The 50% variation in fiber lengths
50
 responsible for this 
architectural distinction was originally thought to be compensatory in nature.
18
 When 
sarcomere length tension curves for both muscles in vivo have been constructed,
50
 the range 
of optimal tension has been found to differ for both muscles such that changes in the muscle-
joint complex are in fact accentuated.
51
 It was hypothesized that this difference in design 
traits for synergist muscles was for functional specificity and allowed for force generation to 
be maintained throughout a range of joint velocities of the wrist.
50
 When the architecture of 
both heads of the adductor pollicis are collated (Figure 4: ADPT+O) from this study and 
considered to be a functional unit, the adductor pollicis occupies an area of the plot which is 
separate from the intrinsic hand muscles. Previously, a brief determination of adductor 
pollicis PCSA suggested that the muscle had a similar force-generating capacity as the 
muscles of the forearm,
22
 and this is corroborated here based on PCSA values alone. 
However, the placement of the adductor pollicis within Quadrant 2 strengthens the notion that 
it may be designed to generate high levels of force in spite of high velocities.
52
 Considering 
the role of the adductor pollicis in pinch and grip strength
14,28
 and its importance in global 
hand function,
13
 such functional outcomes seem plausible.  The identification of architectural 
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specialization within a muscle assumed to be functionally simplistic
5-12
 particularly 
emphasizes the importance of correct electrode placement during electromyographic studies. 
As muscle activity is a measure used consistently in examining physiological outcomes,
 5-12
 
improper placement can severely affect experimental design and procedures.
38
 Specifically 
for the adductor pollicis muscle, placement within or between heads may result in inaccurate 
interpretation of contractile data and implied functional application. In fact, 
electromyography in conjunction with non-invasive imaging techniques have shown 
successfully that determination of muscle architecture can be assessed within in vivo cohorts 
for both static and dynamic scenarios.
53-58
 Although information is sparse, ultrasonographic 
methods in particular have been shown to be both reliable and valid to reflect certain 
variables of muscle architecture.
58
 However, such investigations also highlight changes to 
fascicle length during contraction which vary depending on condition and result in a 
‘curvature’ of fascicles.
53,55-57
 Our cadaveric investigation gives a direct measure of muscle 
architecture and is an essential basis for any future non-invasive ultrasonographic measures 
of architecture, provided conditions are matched
54
 (static, relaxed muscle). As such, the 
findings warrant further investigation. For example, similar results found for pennation angle 
for the heads of the adductor pollicis could simply be dictated by the spatial restraints of the 
hand itself in a relaxed state.
59
 Whether this is representative of pennation in vivo (as simple 
theoretical muscle models would suggest)
60
 during contraction or is affected by differences in 
tendon compliance within the muscle tendon unit
53,55
 and variable pennation gearing
56
 
between heads (as other muscles have shown)
49,53
 has yet to be determined. Given that the 
adductor pollicis is popular in physiological skeletal muscle assessment,
5-11
 such knowledge 
will have a distinct effect on predictions of force generation.
61 
The architectural differences between the heads of the adductor pollicis muscle 
outlined here also have potential implications within clinical practice. For example, this 
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knowledge could provide informed decision making in implementation and interpretation of 
hand and pinch grip assessments, as muscle architecture is known to directly affect clinical 




 In light of thumb pinch restoration, especially 
in tendon transfer surgery,
18
 this investigation provides evidence to support current operative 
procedures in matching muscles with similar architecture to retain function.
63
 Variations of 
design tendencies between the heads would also suggest that thumb rehabilitation design 
should include a range of static and dynamic speed of contractions in order to encourage 
return to function. In fact, considered as a single functional unit and combined with the ease 
of experimental setup and correct electromyographic electrode placement, it allows for a 
skeletal model which has the potential to be customized to varying isometric or iso-velocity 
testing conditions.  
While muscle architecture can better inform the contractile function of a muscle, it 
may not always reflect the physiologically expressed outcomes of the interaction between 
muscle and joint as highlighted in the ECRB/ECRL relationship.
50,51
 Whether this is also the 
case for the adductor pollicis is uncertain, and further testing is required. This includes 
consideration of the series or parallel arrangement of motor units within the adductor pollicis,
 
which are not covered in the current investigation yet are pertinent to skeletal muscle 
function.
64
 However, based on the macroscopic differences between the heads of the adductor 
pollicis in both gross structure and muscle architecture we can assume that their functional 
roles are also different. These differences might better inform other studies of contractile 
function where fiber typing, an intrinsic factor of muscle contractility,
12
 has not been able to 
explain function. In saying this, the architectural results of the adductor pollicis in the current 
investigation confirm why contractile force has not corresponded to traditional fiber typing 
roles when tested. 
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Conclusion:  
The adductor pollicis muscle has been thoroughly expressed within the functional 
literature for a wide variety of intervention styles and functional testing. When functionally 
relevant measures of muscle architecture are assessed for the transverse and oblique heads of 
the adductor pollicis, they differ significantly. Comparisons to relative musculature of the 
hand indicate that the transverse head has a penchant for velocity production, and the oblique 
head produces force generation. While further work considering the muscle-joint complex is 
needed to determine if such architectural differences translate to in vivo functional 
heterogeneity, these design tendencies only strengthen the role of adductor pollicis as an 
indicator of muscle function.  
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ABBREVIATIONS 
ECRB – extensor carpi radialis brevis muscle 
ECRL – extensor carpi radialis longus muscle 
Lf – fascicle length 
Lf:Lm – fascicle length-to-muscle length ratio 
Lfopt – optimal fascicle length  
Lm – muscle length 
Ls – sarcomere length 
ρ – in vivo muscle density 
θ – pennation angle 
Wm – muscle wet weight 
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FIGURE LEGENDS 
Figure 1: Scatterplot of functional variables physiological cross-sectional area (PCSA) and 
fascicle length-to-muscle length ratio (Lf:Lm) for muscles of the upper and lower limbs. 
Muscles in Quadrant 1 have values closer to 1 for Lf:Lm, indicating fascicles which span the 
entire length of the muscle, and lower PCSA values and thus lower capacity for force 
generation and higher capacity for joint excursion. Conversely, muscles situated in Quadrant 
4 (higher PCSA, lower Lf:Lm) have a greater potential for force generation. Due to absolute 
size differences of the upper and lower limb musculature, architectural values for the smaller 
upper limb are shifted leftwards, and design tendencies cannot be clearly delineated, 
emphasizing the importance of gross structure in determination of muscle function from 
architecture. (Lum = lumbricals; ECRL = extensor carpi radialis longus; DI1 = first dorsal 
interosseous; ECRB = extensor carpi radialis brevis; ECU = extensor carpi ulnaris; FCU = 
flexor carpi ulnaris; ADP = adductor pollicis; SemiT = semitendinosus; AddL = adductor 
longus; GastrocLat = lateral gastrocnemius; TibAnt = tibialis anterior; RecFem = rectus femoris; 
VastusMed = vastus medialis). (Data compiled from Lieber et al.
27
 and Jacobson et al.
22
 for 
upper limb muscles and, Ward et al.
24
 for lower limb muscles). 
 
Figure 2:  Graphical representation of the origin and insertion information for the transverse 
and oblique heads of the adductor pollicis.  These can be divided into three general 
configurations: (a) attachments that project onto the distal second metacarpal, (b) attachments 
that project laterally from the midline of the third metacarpal and (c), attachments in line with 
standard textbook presentations (red = transverse head origin, green = oblique head origin, 
blue = common tendon insertion).   
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Figure 3:  Schematic representation of the architectural differences between the transverse 
and oblique heads of the adductor pollicis muscle for muscle length (Lm), pennation angle 
(θ), fascicle length (Lfopt), and physiological cross-sectional area (PCSA). Relative 
differences are represented by percentage increase (↑) or decrease (↓) from transverse head 
values. Figure is not to scale. 
 
Figure 4:  Scatterplot of physiological cross-sectional area (PCSA) and fascicle length-to-
muscle length ratio (Lf:Lm) of muscles in the hand and forearm compared to the transverse 
(ADPT), oblique (ADPO), and combined data (ADPT+O) for the adductor pollicis.  N.B Data 
for the adductor pollicis from this study is denoted by (#), and data from Jacobson et al.
22
 are 
denoted by (*). (Lum = lumbricals; FPB = flexor pollicis brevis; AbPB = abductor pollicis 
brevis; EPB = extensor pollicis brevis; OPP = opponens pollicis; ECRL = extensor carpi 
radialis longus; DI1 = first dorsal interosseous; PI2 = second plamar interosseous; ODM = 
opponens digiti minimi; DI2 = second dorsal interosseous; AbPL = abductor pollicis longus; 
FCR = flexor carpi radialis; ECRB = extensor carpi radialis brevis; ECU = extensor carpi 
ulnaris; FCU = flexor carpi ulnaris).  (Data compiled from Lieber et al.
27
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Table 1.  Quantitative analysis of architectural measures of the transverse and oblique heads 
of the adductor pollicis (values represented as mean ± SD; *P < 0.05 denotes significant 
difference between muscle heads, n = 10). 
Variable§   Transverse head   Oblique head   P-value 
Wm (g)  3.72 ± 1.86  5.09 ± 2.76  0.0329* 
Lm (mm)  41.94 ± 7.52  46.38 ± 5.63  0.0057* 
Vm (mL)  4.98 ± 2.04  6.02 ± 2.60  0.0958 
Ls (µm)  2.26 ± 0.13  2.26 ± 0.15  0.9477 
Lfopt (mm)  28.62 ± 4.72  23.89 ± 3.07  0.0017* 
θ (°)  15.73 ± 2.89  15.77 ± 2.39  0.9561 
PCSA (cm²)  1.18 ± 0.56  2.01 ± 1.17  0.0078* 
Lf:Lm   0.63 ± 0.06   0.51 ± 0.08   0.0009* 
§ Wm = muscle wet weight; Lm = muscle length; Vm = muscle volume; Ls = sarcomere length; 
Lfopt = optimal fascicle length; θ = pennation angle; PCSA = physiological cross-sectional 
area; Lf:Lm = fascicle length-to-muscle length ratio. 
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Figure 2:  Graphical representation of the origin and insertion information for the transverse and oblique 
heads of the adductor pollicis.  These can be divided into three general configurations: (a) attachments that 
project onto the distal second metacarpal, (b) attachments that project laterally from the midline of the 
third metacarpal and (c), attachments in line with standard textbook presentations (red = transverse head 
origin, green = oblique head origin, blue = common tendon insertion).  
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Figure 3:  Schematic representation of the architectural differences between the transverse and oblique 
heads of the adductor pollicis muscle for muscle length (Lm), pennation angle (θ), fascicle length (Lfopt) and 
physiological cross-sectional area (PCSA). Relative differences are represented by percentage increase (↑) or 
decrease (↓) from transverse head values. Figure is not to scale.  
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Figure 4:  Scatterplot of physiological cross-sectional area (PCSA) and fascicle length-to-muscle length ratio 
(Lf:Lm) of muscles in the hand and forearm compared to the transverse (ADPT), oblique (ADPO) and 
combined data (ADPT+O) for the adductor pollicis.  N.B Data for the adductor pollicis from this study is 
denoted by (#) and data from Jacobson et al.22 is denoted by (*). (Lum = lumbricals; FPB = flexor pollicis 
brevis; AbPB = abductor pollicis brevis; EPB = extensor pollicis brevis; OPP = opponens pollicis; ECRL = 
extensor carpi radialis longus; DI1 = first dorsal interosseous; PI2 = second plamar interosseous; ODM = 
opponens digiti minimi; DI2 = second dorsal interosseous; AbPL = abductor pollicis longus; FCR = flexor 
carpi radialis; ECRB = extensor carpi radialis brevis; ECU = extensor carpi ulnaris; FCU = flexor carpi 
ulnaris).  (Data compiled from Lieber et al.27 and Jacobson et al.22).  
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